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Abstract - In industrial context, many Indian workers do their jobs in squatting postures for longer duration to manipulate 
jobs on the ground in various jobs such as shoe making, glass manufacturing, farming activities etc. Musculoskeletal 
problems have been reported by workers assuming squatting postures in their daily activities. In this work we focus on 
squatting postures during farming activities. The stool height is used as an independent variable. A psychophysical approach 
is also used to verify the results. Psychophysical approach involved experiments for measuring perceived comfort level for 
different stool heights. Three different squatting postures are defined depending upon the stool height, which included a 
squatting posture without a stool and two squatting posture with different stool height, 10 cm and 15 cm. Six healthy subjects 
participated in this study. In order to estimate the proper height of squatting stool according to working position, a simple 
wooden stool is designed and used. This study concluded that the production rate for given agricultural task is higher with a 
stool height of 10 cm. In other words, the average time taken to complete a task is the lowest with 10 cm stool height as 
compared to 15 cm stool height and zero cm stool height i.e. without stool. This shows that the workers are comfortable with 
stool height of 10 cm because they were able to complete their tasks in lesser time with this stool height. ANOVA results 
show that mean time to complete given tasks is significantly different for three stool heights. Psychophysical method is also 
used to find out perceived comfort level for different stool heights. Results of this method also show that workers are most 
comfortable with stool height of 10 cm. 
 
Keywords- Farming activities, Stool height, Perceived level of Comfort, Psychophysical response. 
 
I. INTRODUCTION 
 
Squatting is a traditional posture in India. In 
industrial context, many Indian workers do their jobs 
in squatting postures for longer duration to 
manipulate jobs on the ground such as shoe making, 
glass manufacturing, farming activities etc. Working 
in a squatting posture is considered to be a known 
risk factor of musculoskeletal disorders [1, 2].   
 In this work, we focus on squatting postures during 
farming activities such as silage, cutting, tilling of 
crops and planting. Musculoskeletal disorders are the 
most common work-related injuries in manual 
materials handling tasks [3, 4]. Over exertions, 
repetitive operations, prolonged work durations, 
insufficient rest breaks and wrong postures are known 
risk factors of musculoskeletal disorders [5, 6, 7, 8].  
There have been a few studies relating to squatting 
postures. Stool height of 10 cm has been 
recommended for jobs that are performed above the 
ground level [1, 9]. Squatting posture contributes to a 
higher rate of perceived discomfort [10, 11]. Studies 
of how body weight conditions affect the design of a 
seat support have been rarely reported in the literature 
[13, 23]. Normal weight (NW) is defined when BMI 
lies around 18.5-24.9. Musculoskeletal disorders of 
farmers have been considered as a chronic health 
problem [14]. Twisting, bending and repetitive 
motion, are common in farming activities. These risk 
factors are known to aggravate the possibility of 
musculoskeletal disorder development. The main 
symptoms are reported as lower back pain, tendonitis, 
carpal tunnel syndrome and arthritis [15, 16, 17, 18,]. 

Three common postures doing farming activities are 
standing, stooping and squatting [19, 20]. Working 
posture is decided according to position of work 
object and becomes a risk factor when work object is 
above elbow level while standing, between knee and 
elbow levels while stooping and below knee level 
while squatting. In particular, squatting or stooping is 
required when sowing, cultivating and harvesting 
various crops. On industrial sites, welding and 
grinding work, while looking down, and household 
chores and wiping the floor, are the usual cases of 
squatting in people. 
 
II. METHOD 
 
An appropriate stool height is decided based on time 
duration to complete given farming activities. The 
stool height is used as an independent variable. A 
psychophysical approach is also used to verify the 
results. Psychophysical approach involved 
experiments for measuring perceived comfort level 
for different stool heights. Three different squatting 
postures are defined depending upon the stool height, 
which included a squatting posture without a stool 
and two squatting posture with different stool height, 
10 cm and 15 cm. Six healthy subjects participated in 
this study. All subjects are informed of the 
experimental protocol and risks before the 
experiment. Subjects having musculoskeletal 
disorders in the shoulders, lower-back or leg regions 
are excluded. In order to estimate the proper height of 
squatting stool according to working position, a 
simple wooden stool is designed and used. 
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Two stools are used in the present study having stool 
height dimensions (from floor to seat pan) of 10 cm 
and 15 cm. It has been proposed by the researchers 
that if the stool is below 10 cm high, body weight is 
shifted backward and could cause one to fall down. If 
stool height exceeds 20 cm, much bending has to be 
done at the waist, which puts excessive pressure on 
the joints of the lower back. Body weight is shifted 
forward to also make one fall down and hinder work 
progress. Silage cutting, trimming saplings and 
planting and weeding various root crops are tasks 
usually done at ground level. Farming area 2 m × 2 m 
is taken up for each subject. Figure 1 shows silage 
cutting being done by a subject. Figure 2 shows a 
farmer sitting on a stool constructed for this study and 
carrying out a demonstration. At floor level, the work 
task performed was hand weeding. At ankle and knee 
levels, the work task performed was trimming 
saplings, planting or harvesting of corresponding 
height. Participants were asked to wear working 
shoes that did not have high heels and, as shown in 
the figure, to squat naturally by opening both legs and 
flexing the knees within 90. Figure 3 shows tilling of 
crops in the field by a subject. 

 
Figure 1 Silage cutting in field 

 
Figure 2Planting in field 

 
Figure 3Tilling for crops in the field 

 

A questionnaire is given to the subjects to investigate 
the intensity of muscular tension, comfort feeling, 
and squatting height expectation after each condition 
was completed. In this method, the subjects are asked 
to express their perception of the tested condition by 
producing a line on the perceived intensity line 
indicating the level of acceptance feeling rating from 
the low to high rate of pain feeling on the back, pain 
feeling on the lower limb, pain feeling on the 
abdominal region, comfort feeling, and squatting high 
preference. In this study, six healthy subjects are 
chosen for the experiments. Five subjects have 
normal body mass index (BMI) and one subject is 
over weight as shown in Table 1. Subject 
characteristics are also shown in table 1. Means and 
standard deviations are calculated for all these 
parameters. 

 
Table 1: Demographic description and body dimensions of the 

subjects 
 
Table 2 shows time taken by each individual subject 
in agricultural operations (as defined in this report) 
covering an area of 2m × 2m for three stool heights 
viz. 15 cm stool height, 10 cm stool height and 
without stool (zero cm stool height). 
 
III. RESULTS AND ANALYSIS 
 

 
Table 2: Average time taken by subjectsat three stool heights 

 
ANOVA is performed to investigate whether 
production rate is significantly different among three 
stool heights considered in the present study (Table 
3). 

 
Table 3: ANOVA Results 

 
It is clear from ANOVA table that the value of F 
calculated is greater than the F critical so it may 
concluded that concluded that not all of squatting 
posture are equal. The P-value (5.32E-5) is less than 
the significance level of 0.05, which also shows that 
there is a significant difference among different stool 
heights.  
Psychological method is also used to find out 
perceived comfort level for each of three stool heights 
taken up in the present study (Table 4). 
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Table 4:  Mean perceived comfort level for three stool heights 

 
Herein each subject was asked to give feedback about 
pain in different body parts after completion of work 
i.e. silage trimming/ Planting/ tilling of agricultural 
land of 2 m × 2 m area. Different body parts 
considered are back, leg, foot, abdominal region and 
whole body. Subjective measures are used for 
feedback from subjects, which are negligible, low, 
medium, high and very high. 
 
CONCLUSION 
 
This study concluded that the production rate for 
given farming activity is higher with a stool height of 
10 cm. Stool height of 10 cm is more comfortable for 
subjects doing farming activities such as silage 
cutting, planting and tilling for crop as compared to a 
stool height of 15 cm and without stool. In other 
words, the average time taken to complete a task is 
the lowest with 10 cm stool height as compared to 15 
cm stool height and zero cm stool height i.e. without 
stool. This shows that the workers are comfortable 
with stool height of 10 cm because they were able to 
complete their tasks in lesser time with this stool 
height. ANOVA results show that mean time to 
complete given tasks is significantly different for 
three stool heights. Psychophysical method is also 
used to find out perceived comfort level for different 
stool heights. Results of this method also show that 
workers are most comfortable with stool height of 10 
cm. These findings imply that the stool use is able to 
decrease the discomfort level in comparison to the 
no-stool or fully squatting condition. Although a stool 
can relieve postural load in squatting, a proper height 
of the stool has to be taken into account. As the 
discomfort level is known to be associated to the risk 
of musculoskeletal injuries, a stool of proper height 
should be considered for different body types of its 
users. 
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